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ABSTRACT.
Through alignment of theoretical modeling with experimental measurements of oxygen surface exchange kinetics on (001)-oriented La 2-x Sr x MO 4+δ (M= Co, Ni, Cu) thin films, we demonstrate, here, the capability of the theoretical bulk O 2p-band centers to correlate with oxygen surface exchange kinetics of the Ruddlesden-Popper oxide (RP 214 ) (001)-oriented thin films. In addition, we demonstrate that the bulk O 2p-band centers can also correlate with the experimental activation energies for bulk oxygen transport and oxygen surface exchange of both the RP 214 and the perovskite polycrystalline materials reported in the literature, indicating effectiveness of the bulk O 2p-band centers in describing the associated energetics and kinetics. We propose that the opposite slopes of the bulk O 2p-band center correlations between the RP 214 and the perovskite materials is due to the intrinsic mechanistic differences of their oxygen surface exchange kinetics bulk anionic transport. Ruddlesden-Popper (RP) oxides such as A 2-x A' x MO 4+δ (A=La, Pr, Nd; A'=Ca, Sr, Ba; M= Co, Ni, Cu) are promising alternative cathode materials for intermediate temperature (between 500~700 °C) solid oxide fuel cells (IT-SOFC). [1] [2] [3] [4] In contrast to perovskites where oxygen vacancies are generally the dominant anion defect, these RP 214 oxides can switch between hypostoichiometric and hyperstoichiometric regimes, where the oxygen off-stoichiometry comes from their majority oxygen defects. [5] [6] Consequently, oxygen diffusion in the RP 214 phases can potentially occur via mechanisms associated with either oxygen interstitials or oxygen vacancies, or both. Recent neutron scattering studies 7 and molecular dynamic simulations [8] [9] [10] indicate that oxygen diffusion in the hyperstoichiometric RP 214 phases involves spontaneous migration of oxygen interstitials along with their neighboring apical oxygens from the rocksalt layers. Such an oxygen interstitialcy (push-pull) diffusion mechanism takes place anisotropically in the RP 214 structure, leading to significantly different oxygen ion transport along different orientations.
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For example, the kinetics of oxygen transport parallel to the a-b planes in the A 2 NiO 4+δ is considerably higher than that of the out-of-plane direction, by up to two orders of magnitude.
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Strong coupling to lattice dynamics is further proposed to play a critical role in the oxygen transport in the RP 214 phases at ambient/moderate temperatures, where presence of oxygen interstitial in the A 2 O 2 rocksalt layers significantly activates A-site-atom and apical-O displacements along [110] directions, resulting in enhancement in the oxygen interstitialcy migration through phonon-assisted diffusion. [13] [14] Although the origin of the phonon-assisted diffusion is different from the classical push-pull mechanism activated at higher temperatures, both oxygen transport mechanisms are coupled to, or mediated by, oxygen interstitials in the undoped RP 214 phases. 13, 15 Overall, these results indicate that despite structural similarity, much greater complexity occurs in the RP 214 systems than the perovskite materials, due to coupling and interplay between material anisotropy, bulk defect chemistry, and lattice dynamics, which have either direct or indirect influences on their bulk oxygen transport and oxygen surface exchange kinetics.
Therefore it is of significant interest to assess and distinguish how these intrinsic properties influence the surface exchange and oxygen reduction kinetics of the RP 214 phases for SOFC cathode applications.
As a first step toward understanding and predicting the complex behavior of the RP 214 materials associated with their oxygen surface exchange kinetics, in this work we demonstrate significant simplification of the many attributes that influence surface exchange to a small number of underlying factors, through systematic investigation of oxygen surface exchange kinetics for a series of (001) thin films on a (001) cubic -yttria-stabilized -zirconia (YSZ) substrate with a gadolinia-doped-ceria (GDC, with 20 mol% Gd) as the buffer layer were deposited using pulsed laser deposition (PLD), as shown in Figure 1 (a). Normal X-ray diffraction (XRD) data of all films, details of deposition on XRD, lattice parameters, and AFM images of the films are further provided in the Supporting Information ( Figure S1~S3 , and Table S1 ). The surface exchange kinetics was examined using EIS measurements conducted on patterned microelectrodes (~200 µm)
fabricated by photolithography and acid etching 23 . Representative EIS data collected from the (Figure 1(c) ), indicating the reaction rate-limiting step is a molecular oxygen absorption dissociation process rather than a charge transfer process. [31] [32] By controlling orientation of the epitaxial thin films and integrating with theoretical modeling, we demonstrate that the electronic structure descriptor of SOFC perovskites -the bulk O 2p-band center 33 -also correlates with the surface exchange kinetics of the (001) 
